Background/Objectives: Various nutrition programs and free health care for children less than 6 years old were introduced in South Africa in the mid-1990s. We aim to describe secular trends for nutritional status of South African (SA) children in the 10-year period following these reforms. Subjects/Methods: The SA National Primary Schools' Anthropometric Survey (n ¼ 105 000) is a cross-sectional survey of children from all SA Education Departments sampled during 1994. The Health of the Nation Study (n ¼ 10 295) is a crosssectional study, including children from primary schools in five SA Provinces sampled from 2001 to 2004. Height and weight of SA children were measured during both surveys. In 8-11 year olds, the National Centre for Health Statistics reference was used to calculate the prevalence of mild and moderate stunting, and overweight and obesity were calculated according to the International Obesity Task Force reference. Coexistence of stunting, overweight and obesity among these two age-and sexmatched cohorts were also calculated. Results: When compared with previous SA data, moderate stunting (24.6-4.9%, Po0.001) decreased over the 7-10 years considered, whereas overweight (1.2-13.0%, Po0.001) and obesity (0.2-3.3%, Po0.001) prevalence increased. There were lower levels of mild stunting and similar levels of moderate stunting among overweight/obese children when compared with non-overweight/non-obese children. Conclusions: Our findings suggest that feeding policies may have been effective in reducing the prevalence of under-nutrition. However, inter-sectoral policies should recognize the apparent secular trend for an increased prevalence in overweight/obesity among young South Africans.
Introduction
Although wasting has been almost completely eliminated in many developing countries, stunting still remains a problem (Administrative Committee on Coordination; Sub-committee on Nutrition (ACC/SCN) and International Food Policy Research Institute (IFPRI), 2000). Urbanization and poor screening for inclusion in nutritional supplementation programs are thought to be the main causes of the coexistence of conditions associated with lack of nutritional resources and those associated with excess (Uauy and Kain, 2002; Jinabhai et al., 2003) .
Despite South Africa's classification as a middle-income country (World Bank, 1993) , a history of colonialism and apartheid has left its mark in the form of an economy characterized by a mixture of First and Third World conditions (Reddy et al., 2003) . Within the South African context, studies have shown that poor families experiencing industrialization in urban areas are at a high risk for developing nutritional disorders. Indeed, conditions associated with both over-and under-nutrition may exist simultaneously in the same household (Steyn et al., 1994; Mvo et al., 1999) .
Since the election of the first post-apartheid government into South Africa (1994) , attempts have been made to address the health needs of marginalized groups, especially women and children suffering from poverty (Steyn and Schneider, 2001) . In 1994 free health care was introduced for children younger than 6 years of age (Bourne et al., 2007) . Various nutrition programs were also introduced (Bourne et al., 2007) , such as the Integrated Nutrition Program established by the government in 1996 (Coutsoudis and Coovadia, 2001 ). Therefore, a comparison of the prevalence of stunting, overweight and obesity within the South African population, assessed in 1994 and up to a decade later, will give an indication of the degree to which policy changes may have been effective at the grassroot level.
Subjects and methods
This paper considers data from two cross-sectional studies. The South African National Primary Schools' Anthropometric Survey (Department of Health, 1994; Jinabhai et al., 2003) used data from South African children sampled in 1994 and the second used data from South African children sampled in -2004 (Armstrong et al., 2006 .
Data sources
The 1994 data were obtained from the South African National Primary Schools' Anthropometric Survey (Department of Health, 1994) and the study design and methodology used have been described elsewhere . School nurses from over 3300 South African primary schools (excluding schools in the former homeland areas of South Africa) collected anthropometric data from 105 000 learners attending schools within all South African Education Departments (Department of Health, 1994; Jinabhai et al., 2003) . Details of the measurement methods used have been provided in a previous publication . Before testing, the research team trained all health professionals, and representatives from the South African department of health trained national fieldworkers. To create normative South African data for stunting, overweight and obesity prevalence, and the coexistence of overweight/ obesity and stunting, Jinabhai et al. (2003) used an extract from this cross-sectional survey, which included both rural and urban 8-to 11-year-old children from those schools surveyed (14 503 boys and 9888 girls, N ¼ 24 391 in total) (Department of Health, 1994; Jinabhai et al., 2003) . Although demographic composition was not available for this sample, the wide range of learners sampled and the random sampling design should have ensured an accurate representation of the South African population in this age group at the time.
From 2001 to 2004, the Discovery Vitality Health of the Nation Study was conducted in primary schools located in five South African Provinces (Western Cape, Eastern Cape, Gauteng, KwaZulu Natal and the Free State). The sample included children from a wide variety of socio-economic backgrounds (but excluded children from schools in the former homeland areas of South Africa) and has been described in detail elsewhere (Armstrong et al., 2006) . Each Provincial Department of Education provided a list of schools under their jurisdiction, classified according to socio-economic status using either a pentile or decile ranking system. All decile rankings were converted to pentile rankings and at least five schools were randomly selected in each province, one from each socio-economic category. These socio-economic rankings were calculated from the conditions in the school catchment area such as average income, unemployment rate and level of education (literacy rate). In total, 10 295 children (n ¼ 5611 boys and n ¼ 4684 girls) attending primary school and aged 6-13 years participated in this study. Of these, 3253 boys and 2721 girls fell into the 8-11 years age range and were therefore comparable with the data from the South African National Primary Schools' Anthropometric Survey (Department of Health, 1994) . Data from weight and height measurements for each child were collected and used to calculate body mass index. Detailed methods have been provided in a previous publication (Armstrong et al., 2006) . Fieldworkers were trained by the research team and members of the research team acted as observers to ensure quality control during the recording of these measurements. Children were required to provide a signed letter of consent from their legal parent or guardian and also to indicate their own willingness, before being allowed to take part in the testing. Permission to conduct the study was granted by each Provincial Department of Education and the Research Ethics Committee of the University of Cape Town provided ethical approval.
Statistical analysis
The Epi Info software package (CDC, 2005) was used (the 1994 data analyses used version 6.04 and the 2001-2004 analyses used version 3.3.2) to classify children according to mild stunting (height-for-age oÀ1 z-score), and moderate stunting (height-for-age oÀ2 z-score) was classified using the US National Centre for Health Statistics guidelines (WHO, 1995) as a reference. Chi-squared tests were used to assess heterogeneity between the different ethnic groups for moderate stunting. The proportions of overweight and obese children in the samples were both determined according to the International Obesity Task Force definitions (Cole et al., 2000) , which have been described previously Armstrong et al., 2006) . Furthermore, means adjusted according to demographic differences were used in the 2001-2004 dataset to ensure that data were fully representative of the South African population. To calculate these demographically adjusted means, the means for each ethnic group (black, mixed ancestry and white) were multiplied by their respective composition in the South African population according to the 2001 census (Statistics South Africa, 2005) and summed together. As black (79.0%), mixed ancestry (8.9%) and white (9.6%), racial groups comprise 97.5% of the population, with the remainder of the population consisting of other ethnic groups, this number was converted to a percentage, exclusive of other groups. For both genders, the means calculated for each age group (8-11 years) were averaged to give an overall mean proportion for mild stunting, moderate stunting, overweight and obesity in children 8-11 years of age. Chi-squared tests were used to assess heterogeneity between the 1994 dataset and the 2001-2004 dataset. All data analyses of the 1994 sample were carried out using the SPSS version 10 software package, whereas analyses of the 2001-2004 sample used the STATISTICA version 6.1 software package.
To calculate the coexistence of overweight/obesity and stunting, the prevalence of mild and moderate stunting was calculated separately among those children who were defined as overweight and obese within each age, ethnic and gender group in the 2001-2004 sample. Comparisons were made with the prevalence of mild and moderate stunting among children not defined as overweight/obese in the same sample. For the purposes of graphically representing the data, overall mean percentages were calculated by averaging the proportions for the coexistence of each condition across all age groups (8-11 years). Chisquared tests were used to determine whether differences in the proportion of stunting were significant when overweight/obese children were compared with non-overweight/ non-obese children.
Results
In the Health of the Nation dataset, the prevalence of moderate stunting among the boys was 6.8% for black children, 2.2% for mixed ancestry children and 0.5% for white children. Whereas among girls, the prevalence of moderate stunting was 5.3% for black children, 2.0% for mixed ancestry children and 0.5% for white children. The prevalence of stunting differed significantly between the different ethnic groups for the boys (Po0.0001 for black vs mixed ancestry, Po0.0001 for black vs white, P ¼ 0.0074 for mixed ancestry vs white) and the girls (P ¼ 0.0002 for black vs mixed ancestry, Po0.0001 for black vs white, P ¼ 0.0248 for mixed ancestry vs white) ( Table 1 ).
The proportion of mildly stunted boys decreased from 59.5% in 1994 to 23.8% in 2001 23.8% in -2004 (Figure 1 ). Mild stunting in girls decreased from 56.5 to 20.4% over the (Figure 1 ). Among boys, the prevalence of moderate stunting was 27.9% in 1994, but decreased to 5.5% in -2004 (Figure 1 ). Over the same 10-year period, the proportion of moderate stunting dropped from 21.3 to 4.3% among the girls (Po0.0001) (Figure 1) .
The percentage of 8-to 11-year-old overweight boys increased from 1.1% in 1994 to 9.5% in -2004 (Figure 1) , whereas the proportion of 8-to 11-year-old overweight girls increased from 1.4 to 16.5%, over the same 10-year period (Po0.0001) (Figure 1 ). In 1994, 0.2% of 8-to 11-year-old South African children were obese. By 2001-2004, this proportion had increased to 2.2% of boys (Figure 1 ) and 4.4% of girls (Figure 1 ) (Po0.0001 for both boys and girls). Figure 2 illustrates that among overweight and obese children, proportionally fewer were classified as mildly stunted, when compared with non-overweight and nonobese children (boys: Po0.0001 for the overweight vs nonoverweight comparison, and Po0.0001 for the obese vs non-obese comparison; girls: Po0.0001 for overweight/nonoverweight comparison, and Po0.0001 for obese/non-obese comparison). Although differences in the levels of moderate stunting were not significant for obese vs non-obese children (boys: P ¼ 0.2222; girls: Po0.6006), the prevalence of moderate stunting was different in the overweight vs nonoverweight children (boys: Po0.0001; girls: P ¼ 0.0001).
Discussion
Since the early 1990s, the South African government and many non-governmental organizations have aimed to improve the socio-economic status of previously disadvantaged groups. This analysis of secular trends, comparing anthropometric data collected over a 10-year period between the end of one socio-demographic and political era, and the introduction of a more liberal society, has revealed both positive and negative results.
According to the national demographically adjusted means from the Health of the Nation Study (2001) (2002) (2003) (2004) , boys showed slightly higher levels of moderate stunting when compared with girls. In addition, a significantly greater number of black children were stunted in comparison to mixed ancestry and white children.
When compared with data collected on South African children in 1994 , the prevalence of mild stunting in 8-11 year olds was reduced by almost twothirds in both boys and girls. Moderate stunting in this same age range showed even larger relative decreases with a fivefold decrease in both boys and girls . This dramatic decrease in the proportion of young South Africans suffering under-nutrition is encouraging. Yet, as levels of stunting are still elevated in some groups of South African children, especially black children, interventions may be needed in communities with children at risk of becoming stunted. Stunting often results when infants and young children are exposed to under-nutrition, with growth faltering beginning at approximately 3 months of age and continuing well into the third year of life (Shrimpton et al., 2001) . As children are unable to fully recover from stunting once they are older than 3 years, interventions should be focused during this time period (Shrimpton et al., 2001 ). Although it is not possible to attribute direct cause and effect in terms of these observed secular trends in stunting, some programs were introduced post-apartheid, aimed at improving infant and child health. In 1994, during the infancy and young childhood of the children sampled during the 2001-2004 Health of the Nation Study, the South African government introduced free health care for all children less than 6 years of age (Bourne et al., 2007) . After 2 years, the government established the Integrated Nutrition Program (Department of Health, 2000) , which focused on a combination of both direct and indirect interventions. However, these programs are only likely to have had an effect on the younger age groups and/or those children sampled later. The introduction of these interventions has been an ongoing process with, for example, the publication by the South African Department of Health in 2007 of the currently used Infant and Young child Feeding Policy (Department of Health, 2007) . (1994)) among 8-to 11-year-old primary school children according to weight status (International Obesity Task Force definitions of overweight and obesity; Cole et al. (2000) ). All prevalences have been demographically adjusted as described in the text.
Over the same time period, there has been a significant increase in the prevalence of overweight and obesity. Data gathered from 8-to 11-year-old children in 1994 compared with data from 2001 to 2004 showed an absolute increase in the overweight prevalence of 8.4% among boys and 15.1% among girls. Eleven times more boys and 22 times more girls were classified as obese than the prevalence reported 7-10 years before the [2001] [2002] [2003] [2004] dataset. This rapid rise in the levels of overweight and obesity among young South Africans is highly concerning. Changes occurring in the South African school curriculum following testing have led to the de-emphasis of physical education during school hours. This may have created an environment that is less conducive to physical activity, thereby resulting in further increases in overweight and obesity since the collection of these data. However, as increased levels of physical activity among young South Africans have previously been associated with favorable body composition, physical activity needs to become an important public health message in South Africa (Mamabolo et al., 2007) .
Stunting during early life has been linked to excess weight gain in later years (Serdula et al., 1993) , resulting in a double burden of disease (Reddy et al., 2003) . However, in the present sample, non-overweight and non-obese children had considerably higher rates of mild stunting than overweight and obese children (Figure 2) . Jinabhai et al. (2003) made a similar comparison with a sample of South African children from the mid-1990s and noted very low levels of overweight and obesity among children within the sample. In contrast, the prevalence of overweight and obesity in the present sample is much higher than that of the 1994 sample, accompanied by a concomitant decrease in the prevalence of stunting among young South Africans over the same time period. In addition to this, the coexistence of overweight/ obesity and stunting in the present sample is lower than that of the 1994 sample. A similar trend was noted in Chilean children such that the strength of the association of overweight with stunting decreased as the prevalence of stunting declined in the population (Uauy and Kain, 2002) . This is expected as obesity is most strongly linked with increased stature in populations of normal height (Bellizzi and Dietz, 1999) .
A limitation of this paper is that two different groups collected the data for the two datasets considered and as such the sampling methods varied between samples, the main difference being the sampling of children from only five South African Provinces in the Health of the Nation Study. It is therefore possible that this may have resulted in differences between rural/urban and socio-economic group representation within each dataset. This ensured that the different ethnic groups were represented in the same proportions as the general South African population when calculating normative data. A further limitation is that information on nutrition of the children, which could have proved useful when interpreting the results, was not collected in either study. Finally, neither study sampled children from the former South African homeland areas that may have led to an under-estimation of under-nutrition and an overestimation of overweight and/ or obesity in the calculated national prevalence rates.
Conclusion
It is encouraging to note that our analysis of secular trends showed considerable decreases in the prevalence of mild and moderate stunting occurring over the decade preceding the Health of the Nation study. On the other hand, there has been a considerable increase in the prevalence of overweight and obesity among young South Africans. Although some overweight and obese children were also stunted, the prevalence of stunting in this group was lower than that of children from the general population.
As levels of stunting are still elevated in some ethnic groups, these findings provide support for the need to continue the monitoring of the prevalence of stunting in South African children and where necessary to continue the implementation of nutritional interventions such as the current South African Infant and Young Child Feeding Policy (Department of Health, 2007) . Although strategic placement of intervention programs in disadvantaged communities may benefit infants still at risk of stunting (Shrimpton et al., 2001) , a fine balance needs to be maintained such that complementary feeding is not given to children at risk of becoming overweight or obese. With respect to the increasing prevalence of overweight and obesity, programs promoting increased levels of physical activity, healthy nutrition, active commuting and improved neighborhood safety should be implemented. Present government policies regarding physical education in schools should be reviewed with this in mind.
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